The genomic RNA 3 noncoding region is believed to be a major cis-acting molecular genetic determinant for regulating picornavirus negative-strand RNA synthesis by promoting replication complex recognition. We report the replication of two picornavirus RNAs harboring complete deletions of the genomic RNA 3 noncoding regions. Our results suggest that while specific 3-terminal RNA sequences and/or secondary structures may have evolved to promote or regulate negative-strand RNA synthesis, the basic mechanism of replication initiation is not strictly template specific and may rely primarily upon the proximity of newly translated viral replication proteins to the 3 terminus of template RNAs within tight membranous replication complexes.
The genomic RNA 3 noncoding region is believed to be a major cis-acting molecular genetic determinant for regulating picornavirus negative-strand RNA synthesis by promoting replication complex recognition. We report the replication of two picornavirus RNAs harboring complete deletions of the genomic RNA 3 noncoding regions. Our results suggest that while specific 3-terminal RNA sequences and/or secondary structures may have evolved to promote or regulate negative-strand RNA synthesis, the basic mechanism of replication initiation is not strictly template specific and may rely primarily upon the proximity of newly translated viral replication proteins to the 3 terminus of template RNAs within tight membranous replication complexes.
The macromolecular interactions which direct the highly efficient and specific process of picornavirus RNA synthesis in the cytoplasm of an infected host cell remain elusive. Several recent reports pertaining to the mechanism of initiation of positive-strand RNA synthesis have significantly advanced the understanding of this RNA replication process (1, 2, 7, 20, 29, 34, 35) ; however, progress toward an understanding of negative-strand RNA synthesis has been lagging. The major cisacting molecular genetic determinant for picornavirus negative-strand RNA synthesis is believed to reside in the genomic RNA 3Ј noncoding region (3Ј NCR) immediately upstream of the genetically encoded polyadenylate tract (39, 46, 47) . According to contemporary picornavirus dogma, the 3Ј NCR directs the viral RNA replication complex, composed of (i) the RNA-dependent RNA polymerase (3D pol ) (21) , (ii) viral replication proteins 2C, 3A, and 3B (or precursors such as 2BC and 3AB) (41) , and (iii) putative host cell proteins (reviewed in reference 33) , to the 3Ј terminus of the polyadenylated genomic RNA. In either a concerted event or a series of discrete events, the small virus-encoded peptide VPg (3B) becomes (i) uridylylated (14, 40, 45) , (ii) transiently hybridized to the poly(A) tract, and (iii) elongated and incorporated into a genome-length negative-strand RNA intermediate (17, 27) .
Genetic and biochemical studies involving picornavirus genomic RNA 3Ј NCRs in the context of RNA replication have focused on RNA secondary structure motifs which have been predicted by computer algorithms, phylogenetic data, or biochemical and/or enzymatic structure probing. A convincing relationship between disruption of the RNA secondary structure and virus replication efficiency in vivo has been difficult to establish (30, 36, 37, 44) . We have previously reported partial deletions (8 and 37 nucleotides, ⌬8 and ⌬37, respectively) of the 44-nucleotide (nt) human rhinovirus type 14 (HRV14) genomic RNA 3Ј NCR which gave rise to viruses with impaired growth phenotypes following transfection into tissue culture cells (42, 44) ; however, this mutational analysis did not extend to the 3Ј-terminal region of the 3Ј NCR, which is highly conserved among the human rhinoviruses (28a).
In the following study, we have deleted the entire genomic RNA 3Ј NCRs of HRV14 as well as the 3Ј NCR of the prototypic picornavirus, poliovirus type 1 (PV1). Virus initially recovered from transfections retained the original deletions, indicating that while the intact RNA 3Ј NCRs may be required for efficient viral replication, they are not essential. Although the viruses which were obtained from transfections of RNAs harboring 3Ј NCR mutations demonstrated defective replication phenotypes, the observation that RNAs lacking specific 3Ј-terminal RNA sequences (or secondary structures) can be recognized by the viral replication machinery is inconsistent with current models for negative-strand RNA synthesis. Our results suggest that template selection during viral RNA replication is likely determined largely by the localization of viral RNAs to membrane-bound replication initiation complexes (9, 10) and the physical proximity of virus replication proteins immediately following translation from a positive-strand template. While specific 3Ј-terminal RNA sequences and/or secondary structures may have evolved to promote or regulate negative-strand RNA synthesis, the basic mechanism of replication initiation is not strictly template specific. RNA transfections of genome-length RNAs harboring deletions in the 3 NCR. The entire HRV14 3Ј NCR cDNA sequence was deleted by using a derivative of plasmid pT7RV7076Aϩ which harbored an engineered HpaI/BseRI cDNA cassette as described previously (44) . The plasmid was digested with HpaI (at HRV14 nt 7,169) and BseRI (at HRV14 nt 7, 193) , and the large fragment was incubated in the presence of T4 DNA ligase along with annealed oligonucleotides RV⌬3ЈNCR(ϩ) (5Ј-AACGCAGGTCGAATCGATTGCGCA ATGT-3Ј) and RV⌬3ЈNCR(Ϫ) (5Ј-ATTGCGCAATCGATTC GACCTGCGTT-3Ј) which contained a HpaI half-site (bold), the recognition sequence of BcgI (bold and underlined), and an overhang (underlined) compatible with the termini created by the BseRI digest of pT7RV7076Aϩ. This plasmid was partially digested with BcgI, which cuts twice to excise its own recognition sequence (5Ј- 10/12 [N]CGA[N] 6 TGC[N] 12/10 -3Ј), repaired with the Klenow fragment of Escherichia coli DNA polymerase, incubated with T4 DNA ligase, and transformed into E. coli C600 cells. The HRV14 3Ј-terminal sequences of plasmids which contained the desired 44-nt deletion were cloned into the pT7-HRV14(ST) transcription vector by using common restriction sites to produce pT7-HRV14(⌬44).
RNAs generated from a genome-length cDNA transcription vector harboring the ⌬44 mutation terminate with the se-quence 5Ј-...UUU-UAG-(A) 20 ...-3Ј, which corresponds to the C-terminal Phe codon of the viral polymerase (3D pol ), the single stop codon at the end of the polyprotein-coding region, and a poly(A) tract (Fig. 1A) . A particular advantage of this mutagenesis approach is the specific deletion of nucleotide sequences immediately adjacent to the poly(A) tract of the cDNA clone without altering the 3Ј-terminal sequences of the resulting transcript with respect to poly(A) tract length and nonviral nucleotide sequences (i.e., the cDNA linearization site) which may alter the specific infectivity of the transcripts (38) . In vitro-transcribed RNAs harboring the ⌬44 mutation (or the ⌬37 mutation [44] , which terminates with the sequence 5Ј-...UUU-UAG-GUUUUAU-[A] 20 ...-3Ј, where italicized nucleotides are those remaining from the 3Ј NCR) were transfected into HeLa cell monolayers as previously described (12, 42) . Transfected cells were incubated at 33°C, and virus was recovered after 10 to 11 days (compared to less than 2 days for wild type [wt] HRV14). Virus obtained from liquid overlays from cells transfected with wt, ⌬37, or ⌬44 HRV14 RNA was used to infect fresh monolayers, from which total cytoplasmic RNA was harvested following onset of cytopathic effects (CPE) (ϳ8 h for wt and 18 to 24 h for ⌬37 and ⌬44). This RNA was subjected to asymmetric reverse transcription (RT)-PCR sequence analysis using the primer set RV7035(ϩ)/d(T) 18 as previously described (44) . Dideoxynucleotide sequencing of the PCR products confirmed the presence of the wt, ⌬37, and ⌬44 RNA 3Ј NCR sequences in viral RNAs from the respective transfections (Fig. 1C) .
A similar mutagenesis approach was utilized to extend the 3Ј NCR deletion analysis to a second member of the family Picornaviridae, poliovirus. Briefly, oligonucleotides PV⌬3ЈNCR(ϩ) (5Ј-AACTGCATTCGGAGGAAAAAA-3Ј) and PV⌬3ЈNCR(Ϫ) (5Ј-AACTCGACTGAGGTAGGG-3Ј) contain BcgI half-sites (bold and underlined), HpaI halfsites (bold), and additional sequences identical to the plasmid pT7MV7053Aϩ (42) . The primers were used in a PCR FIG. 1. Genome-length HRV14 and PV1 RNAs with deleted 3Ј NCRs. Mutagenesis cassettes which contained BcgI recognition sequences 5Ј- 10/12 (N) CGA(N) 6 TGC(N) 12/10 -3Ј were introduced into the regions corresponding to the HRV14 and PV1 RNA 3Ј NCRs in subgenomic cDNA clones. The top sequences in panels A and B are the wt 3Ј-terminal genomic RNA sequences of HRV14 (A) and PV1 (B), respectively. The bottom sequences in both panels are the respective 3Ј-terminal sequences of RNA harboring 3Ј NCR deletions, and the dashes represent deleted nucleotides. The nucleotides of the stop codons are indicated by circles below the sequences. The second stop codon of the PV1 RNA (UAA) becomes coincident with the poly(A) tract. There are additional nucleotides following the polyadenylate tract resulting from the cDNA cloning and the restriction site used to linearize the plasmids. (C) HeLa cell monolayers were infected with wt, ⌬37, or ⌬44 HRV14 obtained from primary transfections. Total cytoplasmic RNA was harvested after the onset of CPE and was amplified by asymmetric RT-PCR with the primer set RV7035(ϩ)/d(T) 18 . The PCR products were sequenced with the RV7035(ϩ) primer, and the products were analyzed on an 8% polyacrylamide-7 M urea gel. The remaining 7 nucleotides of the wt HRV14 3Ј NCR in the ⌬37 RNA are indicated by solid circles. (D) HeLa cell monolayers were infected with either wt PV1 (37°C) or ⌬3Ј NCR PV1 (33 and 37°C), and isolated cytoplasmic RNA was amplified with the primer set PV7296(ϩ)/(dT) 18 along with pT7MV7053Aϩ in the presence of Pfu polymerase, and the blunt ϳ2.4-kbp product was incubated with T4 DNA ligase and transformed into E. coli C600 cells. The resulting PCR-amplified plasmid was partially digested with BcgI, the linearized products were incubated in the presence of T4 DNA ligase, and the resulting circular DNA products were digested with HpaI to linearize unwanted plasmids prior to transformation into E. coli C600 cells. The 3Ј-terminal PV1 cDNA sequences of the resulting plasmid, pT7MV7053Aϩ (⌬3ЈNCR), were cloned into pT7PV1 (18) by using common restriction sites to generate pT7PV1(⌬3ЈNCR).
Deletion of the 65-nt genomic RNA 3Ј NCR resulted in the 3Ј-terminal sequence 5Ј-...UUU-UAG-U(A) 29 ...-3Ј, which corresponds to the C-terminal Phe codon of the viral polymerase (3D pol ), the first stop codon at the end of the polyproteincoding region, the U from the second stop codon (UAA), and a poly(A) tract (Fig. 1B) . Virus was recovered approximately 3 days following transfection of RNA into HeLa cell monolayers (compared to less than 2 days for wt) which were incubated at 37°C and 4 days following transfection from cells incubated at 33°C. Virus obtained from liquid overlays from cells transfected with wt or ⌬3Ј NCR PV1 was used to infect fresh monolayers, from which total cytoplasmic RNA was harvested following onset of CPE (12 h for wt and 18 h for ⌬3Ј NCR). The resulting RNA was subjected to asymmetric RT-PCR sequence analysis using the primer set PV7296(ϩ)/d(T) 18 , which confirmed the deletion of the PV1 3Ј NCR in virus recovered at either temperature (Fig. 1D) .
Characterization of viruses recovered from RNA transfections. Third-and fourth-passage ⌬8 r , ⌬37 r , and ⌬44 r HRV14 stocks and ⌬3Ј NCR r PV1 stock were prepared for characterization of the mutant viruses in tissue culture cells (the superscript r indicates that these recovered viruses were suspected of containing additional mutations that would make them revertants or pseudorevertants). These later-passage HRV14 and PV1 mutant virus stocks caused CPE in HeLa cell monolayers only slightly more slowly than the respective wt viruses (ϳ12 h), suggesting either the reversion of the original deletion mutations, accumulation of compensatory mutations, or multiplicity of infection (MOI)-dependent growth properties. One-step growth analysis (6) indicated that HRV14 ⌬8 r and ⌬37 r viruses had ϳ1 log unit-reduced virus yields from infected cells compared to wt HRV14 (in terms of PFU/cell). The HRV14 ⌬44 r virus demonstrated a virus yield similar to that of wt HRV14 following infection, although virus production was delayed (data not shown). Northern blot analysis revealed that only the ⌬37 r virus had a significant RNA replication defect compared to wt HRV14 as assessed by the accumulation of virus positive-strand RNA in infected cells (Fig. 2A, lanes 13 to  18, and Fig. 2B , lanes 6 to 10, compared to Fig. 2A, lanes 1 to  6, and Fig. 2B, lanes 1-5, respectively) . The ⌬8 r and ⌬44 r HRV14 viruses replicated to levels similar to that of wt virus ( Fig. 2A, lanes 7 to 12, and Fig. 2B, lanes 11 to 15) . The ⌬37 r and ⌬44 r mutant HRV14 viruses remained sensitive to 2 mM guanidine hydrochloride, a known inhibitor of picornavirus RNA synthesis (3, 8, 16) , as shown in Fig. 2B , lanes 16 to 18 (⌬8 r was not tested). Subsequent analysis of the 3Ј-terminal RNA sequences of these viruses revealed additional nucleotide changes in the 3Ј NCRs of the ⌬37 r and ⌬44 r viruses, while the ⌬8 r virus appeared to retain the original 8-nt deletion. The ⌬37 r virus RNA was missing an additional 6 nucleotides and terminated with the sequence 5Ј-...UUU-UAG-G(A) n -3Ј, which more closely resembled the original ⌬44 mutation. The recovered ⌬44 r virus RNA 3Ј NCR contained nontemplated G nucleotides [possibly resulting from a series of transitions from r HRV14 (A) and with wt, ⌬37 r , and ⌬44 r HRV14 (B) at a MOI of 2.5. Cells were harvested at the indicated times (in hours) and total cytoplasmic RNA was isolated as previously described (11) . Northern blot analysis was performed using glyoxal-treated RNAs (23) with hybridization performed according to the conditions described in reference 12. The membrane was probed with ␥-32 P-labeled oligonucleotide RV4(Ϫ) (complementary to HRV14 nt 283 to 302) and then probed with a ␤-actin-specific probe to verify equal sample loading. Infection with wt, ⌬37 r , or ⌬44 r HRV14 was also carried out in the presence of 2 mM guanidine hydrochloride, and RNA was isolated at 27 h following infection (panel B, lanes 16 to 18). (C) Northern blot analysis of viral RNA synthesis following infection with wt PV1 and ⌬3Ј NCR r PV1 at a MOI of ϳ15. Cells were harvested at the indicated times, and total cytoplasmic RNA was prepared. The Northern blot was probed with ␥-32 P-labeled oligonucleotide L391(Ϫ) (complementary to PV1 nt 272 to 253) and then probed with a ␤-actin-specific probe to verify sample loading. poly(A) sequences] and terminated with the sequence 5Ј-...UUU-UAG-A 6 G 2 A 3 G 3 -(A) n -3Ј. Figure 2C shows the accumulation of genome-length RNAs following infection with wt (lanes 1 to 6) or ⌬3Ј NCR r (lanes 7 to 12) third-passage poliovirus. Accumulation of ⌬3Ј NCR r RNA was only slightly delayed compared to that of wt RNA (lane 9 compared to lane 3) and appeared to reach levels that were similar to wt RNA ϳ5 h following infection (lanes 4 to 6 and 10 to 12). The original deletion at the 3Ј terminus of the PV1 genome was maintained in viral RNAs present in the third-passage stock of ⌬3Ј NCR r PV1 virus. Northern blot analysis of viral RNA synthesis from primary RNA transfections. To minimize the effect of additional mutations which may have accumulated in the genomes of the passage 3 and passage 4 mutant rhinovirus stocks, RNA synthesis was examined in the hours immediately following transfection, presumably before revertants (or pseudorevertants) predominated in the virus population. Replication of wt HRV14 is clearly visible 24 h following transfection (Fig. 3A,  lanes 4 to 6) . RNA synthesis from ⌬8, ⌬37, or ⌬44 HRV14 was not detectable up to 38 h following transfection even by phosphorimager analysis of the Northern blot (Fig. 3A, lanes 7 to   24) . Similar RNA analysis was performed following transfection of wt or ⌬3Ј NCR PV1 RNA (Fig. 3B) . Replication of the wt PV1 RNA was visible ϳ10 h following transfection (Fig. 3B,  lane 4) . Replication of ⌬3Ј NCR PV1 RNA was detectable abruptly after the 51-h time point at 57 h following transfection (lane 12).
Analysis of RNA replication using a coupled in vitro translation-replication extract. The complete in vitro translation and replication of poliovirus RNA has been previously described (4, 5, 26) . We have recently reported the in vitro translation and RNA synthesis of HRV14 RNA and a chimeric RNA which consists of the PV1 5Ј NCR upstream of the HRV14 polyprotein-coding region and 3Ј NCR using similar cell extracts (43) . A particular advantage of using this cell extract for the study of virus replication is the ability to distinguish between defects in translation and RNA synthesis, which are difficult to separate in tissue culture cells, while also minimizing the complications of compensatory mutations accumulated in recovered viruses. Cell extracts were programmed with wt or ⌬44 parental HRV14 or wt or ⌬44 chimeric RNA (Fig.  4A ) and wt or ⌬3Ј NCR PV1 RNA (Fig. 4B) as described in reference 4 (method 2) with modifications described in reference 43. While wt genome-length RNAs and those harboring 3Ј NCR deletions translated to equivalent levels (Fig. 4A , lanes 3 to 6, and Fig. 4B, lanes 2 and 3) , RNAs harboring deletions of the HRV14 or PV1 genomic RNA 3Ј NCR replicated less efficiently than the wt counterparts (Fig. 4A, lanes 10 and 12 compared to lanes 9 and 11, respectively; Fig. 4B , lane 7 compared to lane 6). PV1 virion RNA (vRNA) replicated more efficiently in the cell extract than in vitro-transcribed PV1 RNA (Fig. 4B , lane 5 compared to lane 6), as previously noted (5a, 43), presumably a result of the presence of the authentic viral 5Ј-terminal nucleotide sequences. The results of the coupled translation-replication reactions indicate that both HRV14 and PV1 RNAs harboring complete deletions of the 3Ј NCR sequences are capable of directing RNA replication in vitro, albeit much less efficiently than the respective wt RNAs. RNA replication in vitro is presumably independent of the accumulation of compensatory mutations, which interferes with the characterization of the mutated RNAs in vivo.
Within the different members of a given species of the family Picornaviridae, the 3Ј-terminal sequences of viral RNAs are highly conserved at the level of primary nucleotide sequence (28a) and computer-predicted RNA secondary structure (31, 36, 44a) , suggesting a critical evolutionary role in the life cycle of picornaviruses. The ability to exchange the genomic RNA 3Ј NCR sequences between some enteroviruses and rhinoviruses (i.e., the replacement of the PV3 3Ј NCR with that of HRV14 or coxsackievirus B3 [CVB3] [36] ) implies a conservation of structural and functional determinants at the 3Ј termini of picornavirus RNAs. The viral polymerase (3D pol ) has been shown in vitro to be necessary and sufficient for elongation of an oligo(U)-primed, polyadenylated RNA template (17); however, the viral polymerase can nonspecifically replicate RNAs which are not of viral origin when provided with an oligo(U) primer (15, 33) , leading to the conclusion that there must be internal viral binding determinants, most likely in the 3Ј NCR, which lend specificity to the assembly of the replication initiation complex (13) .
Sarnow and colleagues characterized polioviruses with 2-, 8-, or 10-nt insertions in the genomic RNA 3Ј NCR. Only one of these mutations (the 8-nt insertion) resulted in a virus growth defect (37) , which was later attributed to disruption of a proposed RNA pseudoknot structure in the 3Ј NCR (19) . Notably, the other mutations which would also be predicted to disrupt this RNA secondary structure did not cause a replication de- on August 27, 2017 by guest http://jvi.asm.org/ fect. Subsequent mutagenesis studies involving the PV1 3Ј NCR (30), the HRV14 3Ј NCR (42, 44) , and the HRV14 3Ј NCR in the context of a chimeric poliovirus replicon (36) were unable to establish a clear relationship between primary sequence or RNA secondary structure in the 3Ј NCR and the resulting virus growth phenotype. It should be noted that the failure to obtain transfection-derived poliovirus harboring mutations in the genomic RNA 3Ј NCR in the study of Pierangeli et al. (30) may have been due to the inefficiency of cDNA transfections compared to RNA transfections. Recent reports have described mutagenesis of the PV1 and CVB3 RNA 3Ј NCRs designed to disrupt tertiary structure interactions between two predicted RNA stem-loop structures (which would exclude the formation of the proposed pseudoknot structure [19] ). The results were consistent with interdomain interactions between two loop regions of distinct stem-loop structures, although all RNAs tested were infectious (24, 32) . Data from a genetic analysis of the genomic 3Ј NCR of CV A9 also suggested a role for higher-order structures in directing efficient viral replication (25) ; however, this latter study did not demonstrate a direct role of such structures in viral RNA synthesis. Taken together, however, mutagenesis studies of picornavirus genomic RNA 3Ј NCRs have not identified discrete domains (or interactions between domains) which are absolutely required for RNA synthesis. In this study, we have addressed the more fundamental question of whether the picornavirus 3Ј-terminal RNA sequence is absolutely required for recognition of the viral RNA template by the viral replication initiation complex. Both HRV14 and PV1 genomic RNAs with neatly deleted 3Ј NCRs were infectious when introduced into tissue culture cells. Recovered viruses demonstrated defective growth phenotypes in vivo which resulted in a decrease in viral RNA accumulation in cells following RNA transfection (Fig. 3) and an RNA replication defect in coupled in vitro translation-replication assays (Fig. 4) . It is quite likely that compensatory mutations exist elsewhere in the genomes of the viruses recovered from transfections. We are currently searching for compensatory mutations within recovered virus genome RNAs.
Independent of the existence of compensatory mutations in the higher-passage virus stocks, the transfected RNAs harboring the 3Ј NCR deletion were clearly capable of directing initial rounds of RNA replication. Moreover, we have demonstrated the initial recovery of viruses from primary transfections which have no genomic RNA 3Ј NCR sequences (Fig. 1) , and therefore, no cis-acting determinant in the genomic RNA 3Ј NCR for replication complex recognition. It is especially noteworthy that both the third-passage ⌬8 r virus and fourth-passage ⌬44 r virus, which have RNA synthesis profiles similar to wt HRV14 (Fig. 2) , have either retained the engineered deletion (in the case of ⌬8 r ) or acquired a 3Ј NCR sequence which bears no similarity to that of the wt 3Ј NCR and which does not appear to fold (by computer prediction) into any thermodynamically stable RNA secondary structures (data not shown). We speculate that any compensatory mutation(s) which may have accumulated in these virus genomes likely enhances a basic mechanism of RNA template recognition (e.g., increasing the affinity of viral replication proteins for RNA or membrane structures) rather than affecting a sequence-specific RNA-protein recognition event.
We propose that while RNA-protein interactions involving the 3Ј NCRs of picornavirus RNAs may play a role in enhancing or regulating initiation of negative-strand RNA synthesis (possibly involving cellular components), the primary determinants for template selection during RNA replication appear to be (i) the tight membrane association of RNA replication functions that may lead to increased local concentrations of replication components (41) and (ii) the proximity of nascent nonstructural (P2 and P3) gene products to the 3Ј termini of RNAs from which the proteins were translated (33) . This mechanism is consistent with the preferential cis-acting nature of some of the viral replication proteins (28, 33) and may represent an extremely simple mechanism for insuring proper RNA template selection in picornavirus RNA negative-strand synthesis which does not rely on precise molecular recognition by soluble replication components. There is convincing evidence for conserved RNA structural motifs in the 3Ј NCRs of picornaviruses (19, 31, 44) , which may provide an evolutionarily selected structure upon which viral or host-cell replicationassociated proteins assemble to facilitate a second level of macromolecular recognition to promote the replication initiation of negative strands. These types of RNA-protein interactions may be analogous to the ribonucleoprotein complexes formed by negative-strand RNA virus genomes (e.g., vesicular stomatitis virus) which are the active templates for the viral RNA-dependent RNA polymerase (reviewed in reference 22). We suggest that the oriR designation recently adopted by Pilipenko et al. (32) may be an inappropriate description of the PV1 genomic RNA 3Ј NCR, as this terminology implies that the 3Ј NCR is necessary and sufficient for defining an RNA molecule as a replication template for the poliovirus replication machinery. Indeed, we have shown that neither one of these conditions is satisfied by the PV1 3Ј NCR.
Based on our findings, we suggest that partial disruption of the RNA binding determinant(s) which promotes the fidelity of picornavirus RNA template selection through RNA-protein interactions (i.e., by introducing mutations in the 3Ј NCR) may be as detrimental to RNA synthesis as abolishing RNA-protein interactions entirely (i.e., through neat deletion of the 3Ј NCR), which then allows the basic, nonspecific mechanism of template selection to direct RNA synthesis. This scenario would readily account for the inability to correlate 3Ј NCR structure with its function in RNA replication. The mechanism of positive-strand RNA synthesis must differ, at least in part, from the mechanism of negative-strand synthesis in that replication proteins must be supplied in trans (although potentially confined by membrane association). In contrast, specific template selection for picornavirus negative-strand RNA synthesis may be primarily determined by the proximity of the 3Ј terminus of a genomic RNA to the site of assembly of the membrane-bound RNA replication complex composed of proteins from the same (or closely associated) genomic RNA.
